Exudates of Dionysia diapensifolia yielded (R)-(+)-3-acetoxy-3-phenyl-propiophenone as a new natural product with a basic dihydrochalcone structure, which was elucidated unequivocally by mass spectrometry and NMR spectroscopy. The sesquiterpenoid carissone was found as the major compound in the exudate of D. gaubae var. megalantha. Sesquiterpenoids have so far not been described as exudate constituents of Primula and Dionysia. Structural identifications are discussed in detail, and the significance of the occurrence of these unusual compounds in exudates of Primulaceae is shortly addressed.
The genus Dionysia Fenzl comprises about 50 species grouped in three main sections and a number of subsections [1] . Dionysia is an Irano-Turanian genus with its centre of diversification in the dry mountains of the Iranian highlands and neighbouring areas [2] . Most of the species are chasmophytes, growing in the crevices of rocks and rock faces, thus contrasting to the species of the closely related genus Primula [3] [4] [5] . A major characteristic of both genera is the production of conspicuous excretions by glandular trichomes. In Primula, excretions may be a powdery farina or simply oily, while in Dionysia woolly farina is encountered more frequently than the powdery type. Some species of Dionysia are efarinose, but bear glandular hairs and therefore produce exudates. Glandular hairs are the site of production of exudates which consist of flavonoids only in all species studied so far. The genus Primula was found to accumulate mainly un-substituted flavone in addition to a series of unusual substituted flavones, which due to their supposed different biosynthetic origin were ascribed recently as "Primulatype flavones" [6] . A recent survey indicated that the biosynthetic potential of Dionysia is much larger, with additional accumulation of regular substituted flavones, flavonols and flavanones [7] . In continuation of current studies on exudates of Primula and Dionysia, we wish to report for the first time on new and unusual compounds found in two Dionysia species.
New samples of two accessions studied earlier were reanalyzed to identify unknown compounds from their exudates. The current analysis confirmed the presence of Table 1 . The systematic significance of this flavonoid diversification has been discussed at length by Valant-Vetschera et al. [7] .
Exudates of D. diapensifolia Boiss. yielded an unknown compound (1), obvious by comparison of HPLC-spectra and TLC-surveys. Compound 1 has been unambiguously identified by NMR spectroscopy as (R)-(+)-3-acetoxy-3phenyl-propiophenone ( Figure 1) , which corresponds to a dihydrochalcone structure with an unusual substituent at the ß-position. Proton and carbon chemical shifts, as well as 1 H-1 H coupling constants, are in excellent agreement with those of a prior synthesised racemic mixture of compound 1 [8] . The structure was further proven by the common 2D NMR techniques. These spectra allow the analysis of the dipole-dipole interactions as well as of the scalar 1 J H-C and 2/3 J H-C long range heteronuclear couplings, measured by NOESY, HSQC, and HMBC spectra, respectively ( Figure 1 ). Mass spectrometric measurements, however, have been difficult to perform due to the distinct tendency of compound 1 to eliminate acetic acid, even at low temperature (Scheme 1). The resulting benzylidenacetophenone (2), structurally corresponding to unsubstituted chalcone, was found in all mass spectrometric measurements, while the molecular ion of 1 was hardly detectable. Even in GC-MS coupling the elimination was detected during the chromatography. However, 1 was also retrieved. The enantiomeric purity of compound 1 has been determined by recording 1 H NMR spectra in the presence of a chiral environment, which was induced by addition of substoichiometric amounts of chiral europium tris[3-(heptafluoropropylhydroxymethylene)-(−)-camphorate] (Eu(tfc) 3 ) [9] . The resulting spectra show small but distinct effects to the shifts of several protons depending on the molar ratio of added Eu(tfc) 3 (Figure 2 ). However, the consistent changes of all signal group shifts indicate the presence of a very large enantiomeric excess of 1. The absolute configuration has been determined to be (R) by the optical rotation of [α] D 20 = 20.9°. The optical rotation is slightly smaller than that of earlier reported values, which is caused by small impurities of generated chalcone (2) and acetic acid ( Figure 2) [10, 11] .
Although compound 1 has been synthesized for different reasons in the past [8, 10, 12] , it has not yet been known to occur in nature. However, un-substituted dihydrochalcone has been reported for the fungus Phallus impudicus [13] , together with free acetic acid. As far as substitution patterns are concerned, compound 1 corresponds to 2´,ß-diOH-chalcone, which is also found in D. diapensifolia (Table 1) , as shown in our previous study [7] . However, it is not clear how and if these two chalcone structures could be correlated biosynthetically.
Compound 1 showed a clear inhibition against Cladosporium sphaerospermum in an antifungal bioassay. It further showed a distinct tendency to eliminate acetic acid providing benzylidenacetophenone (2), even under moderate conditions. Compound 2 has been reported to possess antibacterial, antiprotozoal, and antiparasitic activities [14, 15] . It is hence feasible that 1 is produced in the glandular trichomes of D. diapensifolia and transported to the surface of the leaves first, but environmental or other abiotic influences could then cause the formation of compound 2, which may be active directly on the leaf surface.
Preliminary TLC analysis of D. gaubae var. megalantha Lidén indicated the presence of one unknown compound, probably not of flavonoid nature (Wollenweber, pers. comm.). Reanalysis of this sample by HPLC revealed, indeed, a new compound, with retention time and UV spectra not correlating to any of the known flavonoids. This compound was isolated by applying the standard separation method (MPLC and prep. TLC), and was identified as carissone (3) by comparison of the analytical data with earlier reports [16] . This eudesmol-type sesquiterpene is the first terpenoid structure so far that has been detected in the exudates of Primulaceae studied. This finding is in strong contrast to the average composition of exudates of both Primula and Dionysia, since they usually accumulate flavonoids as the sole constituents. Therefore, the complete lack of Primula-type flavones and the dominating amount of compound 3 in the exudate of this species is a remarkable feature. It should be mentioned that production of larger quantities of terpenoids together with lower amounts of flavonoids in exudates is rather the rule, for example in species of the large families of Lamiaceae and Asteraceae [17, 18] .
Compound 3 has earlier been isolated from fruits, wood and roots of several plants [19] [20] [21] , but it has never been reported as an exudate constituent so far. Comparison with Primula exudates (Bhutia, in prep.) indicates that this compound is restricted to Dionysia. In view of the close relationship between both genera, leading sometimes even to a proposal to merge them [4] , this result is of chemotaxonomic significance. However, the already
